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(54) Abstract Title 

Structure for working unit for bucket excavators and method for manufacturing the same 

(57) A bucket connecting bracket (23) is connected to one longitudinal end of a hollow/ arm body (22) having a 
triangular cross section, and a boom mounting bracket (26) is connected to the longitudinal middle part of the 
arm body (22) while an amn cylinder bracket (24) is connected to the other longitudinal end of the arm body 
(22) to constitute an arm. As a result, the arm body (22) is made resistant to deformation in cross section, so 
that its plate thickness can be reduced and its rigidity is enhanced without resort to a cross section bracing 
member, thereby manufacturing a light-weight arm free from cross-sectional deformation. 
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SPECIFICATION 

STRUCTURE FOR WORKING MACHINE OF BUCKET TYPE EXCAVATOR AMn 
PRODUCING METHOD THEREOF t-XCAVATOR AND 

TECHNICAL FIELD 

The present invention relates to a str-jcture for s 
working machine of a bucket type excavator such as a 
hydraulic shovel, and a producir.c method of an arm of ^he 
bucket type excavator and the structure for the working 
machine of the bucket type excavator. - 

BACKGROUND TECHNIQUE 

kind c.W^l'^'l ^" ^'^ ^ hydraulic shovel which is a 

Ls turLt.^ ^ ^^^^ excavator, an upper vehicle body 2 .. 

iertir^ni^ mounted on a lower running body 1, a boom 3 is 
In lrl l^ swmgably mounted to the upper vehicle body 2, 

^nH vertically oscillatably mounted to a tip 

uppJr'v^M. • ^^''"'^^ ' connected between"^ 

t..e upper vehicle body 2 and the boom 3, an arm cylinder 7 
IS connected between the boom 3 and the arm , and a 
bucket cylinder 8 is connected between the arm TfnS the 

f-e .r^l hydraulic shovel vertically swings the boom 3, 
tZJ^ vertically oscillates the bucket 5, and at 

^ = te^3lly turns -he upper vehicle body 2, 
^;!:!^^ carrying out operations such as excavation and 
iCso^ng to a dump truck, 

_ AS shown in Fig. 2, the arm 4 comprises an arm body 

on orm cylinder-mounting bracket 11 -.oir--ed to 
-c.-.gituainally one end of the arm bodv l6, ard a bucket- 
cor.r.ection bracket 12 jointed to longitudinally other ^-d 
o_.he arm body 10 As shown in Fig.3, the arm body ic""is 
i!^'* rectangular in cross section comprising an 

^mt;^lizJ'^^^^ ^ '■^■^^^ -teral plate 14 and left 

_.LV.:t vertical plates 15, 15. 

As shown in Fig.l, at the "time of ODe- = ^^o- a 

-"^^ a torsion load F3 and 

-^•"Isr'^;.:; ■'^-^'^^^ '^^-^ - curaciiity aaai.-.st 

v-..-=>e -lOscs is secure, j ^ 

a- . l^^^T^' = t the vertical load ri, a width w 

V::;:! " =^ ""^tt P^^'^^ thickness or each of t.he 

.6.. one right vertical plates 15, 15 are accropriate^v""~ 
F^a 3 Z/^":^ "''"^ ^.agnitude of the loads as shown" in 

l:^-:: l"" ^^^^^^^^n to these, against the lateral load ^2 
and .he torsion load F3, a cross section restraint member 



such as a rib 16 shown in Fig. 2 is addea. 

In the hydraulic shovel, a counter weight 9 is 
crovided at a rear portion of the upper venicle body 2 xn 
'accordance with the excavation ability of a working 
ir^achine comprising the upper vehicle body 2 wnich is a 
r^a^n portion, the boom 3, the arm 4 and the bucket 5. If 
;V.; working machine is reduced in weight, the weight of 
^he counter weight 9 mounted to the rear portion of the 
uDper vehicle body 2 can be reduced, the rearward 
projecting amount of the upper vehicle body 2 can be ^ 
?;Siced and therefore, a turning radius of the rear end of 
the upper vehicle body 2 can be reduced. 

If the working machine -comprising the boom 3. ...the • 
arm 4 and the bucket 5 is reduced in weight, it is 
possible to increase. the volume of the-bucket • 
correspondingly instead of reducing the weight of the 
counterCeig?t'9 and thus to increase the working amount . 
. Further, the arm 4 is vertically swung by the arm 

cylinder 7, a^d a portion of a thrust of the arm cylinder 
7 supports the weight of the arm 4. ''^l^^'^'^'f.f^l 
. is reduced in weight, the thrust of the arm cylinder 7 
:a' effectively utilized as the vertical swinging force of 
>he S^n 4 SiLlarly, the weight of the arm 4 itself is 
;ooli;d to the boom cylinder 6, if the arm 1 ij^-^-/^/" 
weight, thrust of the boom cylinder 6 can effectively be 

Generally, when considering a strength o. the 
v--k^na machine of the bucket type excavator, as .ne 
s'--ist Pet-cd, a working machine is rec.aced with a becm 
'"/"TtS'n pice which is discussed in material mechanics 
;;d a st^enc'-n with respect to the bending and torsion can 

be evaluated. 

--ha- --s, bending stress a, and shearing stress x 
=enera'ting on a cross section can be obtained by the 
fcllowing general formulas (1) and (2) : 
(1) a=M/Z 

(Wherein, o: bending stress generating cn a cross 
section, M: bending moment applied to the cross section, 
Z: cross section coefficient) 

^wherein,'T: shearing stress, T: tcrsior. torque, h: 
c^oiection area of neutral line of cross section plate 
"-■-ckr-ess, t: thickness of cross section p^a;.e) 
'ap Appropriate shape of the cross section can be 
^ete^mined'^f'rom the results of the above calculation and 
Teimlssible stress of the material to be usee. Simil<.r.y, 
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^alculo.ed using general formula of the material 

u-'h i-C:'"!!^''' ^ wo^rking machine designed in accorda^-e 
:;^ess 4? n ^r'"^^^°^ ^^'^^^ actually produced a.: 
llitlre-^ frit t l^^"" ^'^^^^^ °' '^h^ ^^st is 

ev'-luf»Vnn ^""^^ ""^^"^ calculated during the 

veais ;imnr.'"^''V^"' ^^^^ in recent 

nJtJod 'FEM If'' i ^ ^^J^P'^^^^ ^^ing finite element 
^nh.! ■ i ""^^"^ evaluation method for 

enhancing the precision of the stress evaluation If the 
stress IS calculated using the FEM simulation' ca^ be 

c:ns?d:;:d ITeZ --^-^ -chi;e'whiS wL 

chinaeS'tn k T"^ ^""^^ °^ material mechanics, is- 

^om t?-s fa^t^'-^^'^'V""^ ^'""^ is- applied: ■ 

^Ilcul--L f ' k"" understood that a stress 
-Jc^ai-f '^^^^ ^^"^"^ formulas of the material 
croSs s^'nfon'"^'' ^^"^"^ °" " presumption that a shape of a 
stress -esi i.'' f ^^"^^^ - -stress measured when a 

laclo^^er. '^^^^'^y "^^i-d out do not coincide with 

having': re:t:nrular cr™ctron''? h"''' ""'''^"^ 

for determining^a def orma^^i^rjtr^^g^h":? ^^^ss'^^^^" 

! ! d -'^gidity of a rectangular angle portion a- 

^o;s -n^;/ ^ach of the twc rioid-;ty 

;°oss :-^-t"n ^'^"'^^^^^^ strength against a load; th^"^ 
e^ceL'-riS^'^ ceformed as shown in Fia.5, and an 
oortio-" tT ^^^''^^ rectangula; angle 

r!^ir°a- s^cH^-H^' ^ ^^^^^^ ^-^^--'^ restraint 

;! : - ^ partition wall is rea-.- -e-^ 'or p 

■uc"2;-:^:v^?^ - if 

r-a^hinTiriowireS ^^^^--ty of the working 

4 is c^-'-4itof shaoe'of' ^Hed to the arm 4, the arm 

in Fig:--' °fH^^^*^^"^^^^-'^ section as shc-.n 

berdiP^'^ia"--: section is determined by 

fou^ s-'fa'es^"'-K^ , direction of surfaces) of the 

^a^l.l- ""S^^r lateral plate 15, the lower 

-dwe.e. p^a_e _4, and the left 



and 15) 



right -/ertical plates 



sur^'acr^^and'^-fhinH^-" ""^^ ^^^"^'^^ rigidity of the 

gr;;t w~.h re^pec? tfrh '"'^'f^^y ^^'^ '^^gle portion is 
y t --n respec. to the deformation of the cross 
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section. For example, in Fig. 3, when the lower plate 14 
is fixed, and a load F shown with the arrow F is applied, 
as shown in Fig. 4 schez.atically, each of the angle 
portions a is bent and deformed, the upper plate 13 and 
the left and right vertical plates 15 and 15 are bent ar.d 
deforr;ed in the outward direction of the surfaces 
{thickness direction) . When the thickness of the plate is 
reduced, reduction of rigidity in the outward direction of 
the surface is proportional to the third power of a ratio 
of reduction of the plate thickness. 

For these reasons, if the thickness of each plates 
is reduced to increase the Cross section, when the lateral 
load F2 and the torsion load F3 are applied to the arm-4, 
a' deformation is generated in the lightweighted boom 3 as 
shown with the arrows b and c in Fig. 3, the rigidity of 
the entire boom is largely lowered. Therefore, the above- 
described cross section restraint material such as the 
partition wall 16 and the pipe 17 must be reinforced, the 
weight of the boom is increased because of the reinforced 
cross section restrai-nt material, the structure is 
complicated because of the partition wall 16 and the pipe 
17, and there is a problem with the productivity due to 
increase in welding portions. 

Further, as shown in Fig. 2, the arm 4 is provided 
with a bucket cylinder bracket 17 for connecting the 
bucket cylinder's and a boom cylinder-connection boss 18 
for connecting the boon. 3. If the thickness of each of 
portions to which these are to be connected, e.g., the 
left and right vertical plates 15, 15 and the upper 
lateral plate 13 is reduced, the rigidity in the outward 
direction of the surface is lowered. Therefore, in some 
cases, this further increases the deformation in the 
outward direction of the surface and reduces the rigidity 
f the a'-m , and a deformation shown with a phantom line 
ria.3"is generated. Thus, it is difficult to reduce 
thickness of plate r.aterial forming the arm body IC. 
"I.,^-..-^ c-^ce -""-e elate members forming the arm 
codv IC are welded to zr.e another at right angles, li. tne 
^r-ckness of the olate members is reduced, the weld 
-ointing efficient is levered, and it is difficult to 
secure the durability cf the angle joint and thus, it is 
difficult to reduce the thickness of the plate members 

form;inc the arm: body '.2. 

Fui-thermore, in the case of the conventionax boom, 
the UDoer lateral plate 13, the lower lateral plate 14 ar 
the left and right vertical plates 15, 15 are formed oy 
cutt^-ng them in accordance with the shape of the arm hoc] 
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the 



10, and the vehicle arm cylinder bracket 11 and the 
oucKet-ccnnection bracket 12 are welded to the arm body 
10. .nere.ore, working of each of the plate members is 
ccmpxicated, the welding portion (welding line) is lona 
many steps are required to produce the boom and thus, the 
producing method is complicated. 

A boom shown in Fig. 5 in which one sheet of plate d 
IS bent into U-shape and the upper lateral plate 13 and 
tue left and right vertical plates 15, ISare formed into 
one ur.it is known. However, in this case also, a step for 
cutting the plate d and the lower lateral olate 14, a steo 
for bending, and a step for welding two welding portions 
(welding lines) are required and thus, many "steps are 
required and this method is complicated. 

, it IS an object of the oresent invention 
to provide a structure for a working machine of a bucket 
type excavator capable of solving the above problem, and a 
producing method of an arm of the bucket type excavator 
and t..e structure for the working machine of the bucket 
type excavator. 

DISCLOSURE OF THE INVENTION 

An arm of a bucket type excavator o^ a first 
irri^i'°" structure for a working machine such as an 

arm o. a oucket type excavator such as a hydraulic ^shovel 
tne arm body 22 has a cross section in which three liSIs 
are s,rairnt, and each of connected portions of the two 
sides IS of arc shape. 

^According to the first invention, since the boom 
c^-y _s triangular in cross section, d-e to 
c.haracteristics of a triangle that its cross section ^s 
.essprone to be deformed in the outward direction of' 
s.-..<=.^ load, the boom body 22 can keec its cross 
sec-_cn s-ape and secure the rigiditv without using a 
cress section restraint material such as a cipe 

Z-l"!:^!' ^-^^^^ -hickness of the boo- body 22 can be 

_ .c recuce its weight, and the cress section 
::!::::"'" such as partition wan and -he Dice is 

^'^ s-ruct -re is si-ple, and' the 

portions requiring weldin: is sr.ail and 
-llZl^VV '--'^ durability and productivity are enhanced. 
-.^.=.e..r=, according to the first invention, the weiaht of 

;:^.'':rT;.:!;; reduced, and zhe durability and 

P-o>^..._^^v_.y cf tne boom are excellent. 

^v<-..,J" ° structure of a working machine of a bucket tyoe 
ex.a/a.or of a second invention, the arm body 22 has a 
cross sec-.ion in which three sides are straight, and each 
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of connected portions of the two sides is of f^P^; 

A-cordinc to the second invention, since the cross 
section^f the%tructure body 22 in which three sides are 
straiqht, and each of connected portions of the tv.. sides 
is of arc shape, the sectional area can be increased such 
that ^t inscribes a sectional area a conventional 
structure, the cross section performance can 
maintained, and since the angle portion is arc m -^aP^' 
the stress can be dispersed. Therefore, according to the 
second invention, a large sectional area can be secured, = 
the cross section performance can be maintained, and the 
riaiditv of the boom can be enhanced. ^ 

in an arm of a bucket type excavator" according to a 
third invention, a bucket thereof is mounted to « tip end 
side and pivotally supported by a boom, wherein the arm 
bodv 22 is hollow and triangular in cross section. 

^ According to the third invention, since the arm body 
22 is triangular in cross section, due to characteristics 
of a triangle that its cross section is less prone to be 
deformed in the outward direction of surface 1^!^' ^^^^ 
a-m body 22 can keep its cross section shape o^.d s=.ure 
the rigidity without using a cross section restrair.u 
ma^erlL such as a pipe. Therefore, the plate thi=<ness 
of the arm body 22 can be reduced to reduce l^l ''lzf}\' 
and the cross section restraint material such as partition 
wall and the pipe is unnecessary and . i^!/^;r:^^;^ 3 

s^n-.pTe, and the number of portions req-iri:.^ we.-xng -S 
s^a^Ta^d therefore, the durability and produc-_ivi-y are 
enbar-ed Therefore, according to the third invention, 
Jhe weight of the boom can largely be reduced, anc tne 
durability and productivity of the boom are excel ..c. 

in an arm of a bucket type excavator accorai.-? to a 
fourth invention, the arm body 22 

Che third invention in which tnree sides are s-a.^nt, a..a 
each of connected portions of the two sioes is of =rc 

^'"^"^"Accorcino to the fourth invention, since the cross 
section of the^rm body 22 in which three sices ar. 
straight, and each of connected P^''-^°^-\f 
is of arc shape, the sectional area can ;;^^v;:!^•::on 
-.v^at it inscribes a sectional area a consent -c.a. _...m, 
zhe c-oss section performance can be maintained, ...^ si..^e 
the I-^gle oortion is arc in shape, the stress can =s 
d^Joe^eS * Therefore, according to the fourth invention, 
a iSriHectional area can be secured, ^--^r:-- 
performance can be maintained, and the rigidi.y.o. ...e 

boom can be enhanced. 



In an arm of a bucket type excavator according tc a 
fifth invention, the arm body has a substar.tiall v tria^c^e 
cross section of the fourth invention in which a' lower"'' 
surface thereof is a triangular base side, an uooer 
surface thereof is a tip of the triangle, and a' boom- 
mountmg bracket 26 is jointed to a longitudinally lower 

K , ^^oi^ ^^^^^ invention, when the boom-rr.ountinq 

bracket 26 to be mounted to the boom is mounted to the 
lower surface of the arm body 22, if a lateral load (F2 in 

Irm'Mo^fnH is applied to the 

arm tip end, since the lower surface side is closer to the 
bracket 26 than" the upper surface s-ide, there is a • " 
tendency that a burden of a load of the lower surface side 
which IS shorter in length is greater. Therefore, as in 

base or^thrr'^^^^?'" '^^'^^ ^^^-^^^ f°^™^<^ ^^^o a 

^ triangle, the cross section performance can be 

exhibited more efficiently as compared with a structure 

reduLi^ ^"'^ "^^^^^ '^^^ f^^ther be 

reauced. Further, also when the vertical lead (Fl in 

Fig.l) IS applied to such a boom, if rhe lower surface is 

the bottom surface of the triangle, the cross section " 

performance can be exhibited more efficiently 

^" ^"""^ °^ ^ bucket type excavator according to a 
sixth invention, in the cross section of -v-e fifth 
invention a bucket cylinder bracket 25 is ^ointed to an 
upper surface of the arc connected ocr-io-- c-" f-- -wo " 
sides. - ^"^ 

- ^''Z^l'^^ll ^° ""^^ invention, since the top of 

...e orm body 22 has great rigidity, even if rhe plate 

^r^.tl'lt^U'^^ the mounting portion of -.he bucket cylinder 
bracket 25 is thm, the boom is net deformed. W^t-h th-'s 
structure, the plate thickness of the rr.ounring o^^tioni- 

^hm to further reduce the weight of -he be—. 

se-e-th"^™!^''' ^ ^'^V"^^ ^yP^ excavator according tc a 
se.ewth invention, m the cross section share of the fifth 
xnvention, the arm body 22 has a substantially -^iarg^e 
cress section in which a lower surface thereof - s a 

"^'^ ' ^ -"^ ^ bucket cylinder bracket 25 is join-ed 
to tne flat portion of the top. Jo^-.-ea 

According to the seventh invention, since the t-c o^^ 
.ne arm body 22 is the flat portion, when the bu^ktt 
cylinder bracket 25 is welded to the flat tco, edgl 
preparation of the bucket cylinder bracket 25 is 
unnecessary and the throat depth of the weld jo^nt can be 



secured by using a fillet weld joint as the weld joint. 
Therefore, the welding operation of the bucket cylinder 
bracket 25 to the top of the arm body 22 is facilitated, 
and even if the plate thickness is thin, the welding 
strength can be maintained. 

In an arm of a bucket type excavator according to an 
eighth invention, in the sixth or seventh invention, the 
bucket-connection bracket 23 is jointed to longitudinally 
cr.e end of the arm body 22, and the arm cylinder bracket 
24 is jointed to longitudinally ether end of the arm body 
22. ^ 

According to the eighth invention, the arm is 
suitable for carrying out the invention. ■ 

A producing method of a structure- for a working 
machine of a bucket type excavator of a ninth invention, 
the method comprises * the steps of: bending a plate" 
material 73 having two long sides 70, 70 and two short 
sides 71, 71, thereby forming a hollow member which is 
triangular in cross section, and welding butted portions 
of the two long sides 70, 70, thereby forming a body 22. 

According to the ninth invention, since one sheet of 
plate material is bent and the». butted portions are welded 
to form the structure body 22,*the working- of the plate 
material is easy, and the welding portions (welding line) 
is short- With this method, the producing steps of the 
s-ructure for the working machine are easy, the structure 
car. be produced easily. 

A producing method of a structure for a working 
machine of a bucket type excavator of a tenth invention, 
in the ninth invention, the body 22 has a cress section in 
which three sides are straight, and each of connected 
pcr-ions of the two sides is of arc shape, the body 22 has 
a triangle cross section in which a lower surface thereof 
is a triangular base side, an upper surface thereof is a 
tie of the triangle, ana butt-welded portions of the two 
Icr.c sides 70, 70 are disposed on the lower surface- 
According tc the tenth invention, because th 
v:elcinc portion is disposed on the lower surface, there i 
a r.erit that the outward appearance is enhanced i 
adciticr. to merits which can be obtained by the boom o 
the first to third inventions. 

BR:ir DESCRIPTION OF THE DRAWINGS 

Fig.l is a perspective view of a power shovel; 

Fig. 2 is a front view of a conventional arm; 

F-'a 3 Ts a sectional view taken along the line A-A 
in ria.2; 



cress si'^^j.^j'the'^ijlif °' deformation of a 

the arm;^'' ^ =^^tional view showing another example of 

the prei'ent "v'enurn: °' ' embodiment of 

the preit.t i^v'en'ti'on °' '""^ embodiment of 

in Fig^e!"' ^ ^ie^ taken along the line B-B 

in Fig^e;"' ^ sectional view taken along the line C-C 

■ ric'n :f Perspsctive-.view of the-.-arm; - - 

in Fig 6; sectional view taken along the line D-D 

in Fig'^e!"'^ ^ sectional view taken along the line E-E 

in Fig'^e!''^ ^ sectional view taken along the line F-F 

in Fig;!?; sectional view taken along tr.e line G-G 

Fig. 16 is a sectional view tak^n ;='!^r^^ 
m Fig.l^; ^aKen a-Long zr.e line H-H 

tig../ IS a sectional view takpn ^^^.r^.ry ^■ 
m Fig. 6; vxt?w caKen along tne line I-I 

E"ig.lS is an explanatory view of ?i h--^^^-^^^- 
cress secricr. of the arrr.; ^ d..or-ation of a 

. ^-"5--^ -2 sn explanatory view '^f ^ c-^^ 
section cf rhe arm; " ^'^^ cross 

Fig.2C is a plan view of a D^ate t^--^^^- ^ 
proaucing a r.^in arm; ^ :^^<=^^ria. for 

Fig. 21 IS a sectional view "^^k^r^ ^---^ ^> • 
m Fig. 20; ^-^^^ ^axen a.ong tr.e line J-J 

Of .he'";!a?e J^atl? i^^f "'^"^ °^ operation 

material?"^ ^ Perspective view of the cer.t plate 

Of the'";?a-.e i^^i^'^""^^"'^ ""'^^ °f operation 

.^t--^^ -s 3 perspective view o^ t^= 
materia:.; ^- "-"^ •-'ei.c p^ate 

'^■"^ explanatory view of b-nd-'-.-T --w 

jo.r.t.ng cpera-.ions of the plate material'; ' 

materia^"" ^ Perspective view showing jointed plate 
F-ig.28 IS an explanatory view showing another 



example of the arm body; 

• Fig. 29 is an explanatory view showing another 

example of the arm body; 

Fig. 30 is an explanatory view of bending operat-on 

of a top cross member; 

Fig. 31 is an explanatory view of bending operation 

of a bottom side cross member; 

Fig-32 is an explanatory view of bac< wave welamg 
operation of one end of both members by a butt jig; 

Fig. 33 ,is an explanatory view of back wave welding' 
operation of the other end of both members by a butt jig; 

Fig. 34 is a sectional view showing a different 
triangle shape of the boom front member and the boom rear 

member; and ' 

Fig. 35 is a sectional view showing another triangle 
shape of the boom front "member and the boon rear member. 

BEST MODE FOR CARRYING OUT THE INV^ENTION 

As shown in Figs. 6 and 7, an arm body 22 comprises a 
"•ain arm body member 20 and an auxiliary member 21, a 
bucket-connection bracket 23 is jointed to longitudir.a.-y 
one end of the arm body 22, an arm cylinder bracket 24 is 
Pointed to longitudinally other end of the arm body 22, a 
bucket cylinder bracket 25 is jointed to an upper suriace 
cf the arm body 22, a boom-mounting bracket 26 is joi-'.ted 
zo a longitudinally intermediate lower portion of the arm 
body 22, thereby forming an arm. <• 

An UDcer surface 22a of the arm body 22 is straig.-.t, 
a lower surface 22b is of substantially V-shape which is 
cent at the longitudinally intermediate portion (connectea 
cort^on of the boom-connection bracket 26), longitudir.s-.y 
-ooos^. te ends of the arm body 22 are tapered in the .'.eigr.- 
i'^rection from the longitudinally ir.c ermediate portion. 
Icrgitudinally opposite e.nds of the arm body 22 are a.sz 
-apered in the width direction from the Icngitudinax.y 
intermediate portion. 

That is, in the arm. body 22, the lonoitudmally 
i--ermedi3te oorticn has the greatest cross section, ano a 
cross section of the arm body 22 is gradually reducec 
-owa'-d the longitudinally opposite ends. 

As shown in Figs. 8 and 9, the arm bocy 22 is nc-c- 
-"d triangular in cross section, a base sice of t.ne 
---angle is the lower surface 22b, and a tc? of the 
--•angle is the upper surface 22a. A longitudinally 
•-termediate portion of the lower surface 22b of the arm 
body 22 is fcrm.ed with arc notch 27, and the boom.- 
connection bracket 26 is jointed to the notch 27. 



-h. . t -?^^^fi'=^ily' as shown in Fia.5, a portion of 

^o.gxtudinally intermediate portion is or.ly the main arm 
body merr.ber 20 and triangular in cross section A oo^tLn 
iLlTr J^" ^"<^ thereo?%Z"the ^ 

cros I section ^^>^^l^ary member 21 and triangular in 

cross s^rction, as shown in Fig 9 ^ ^ xu 

hei.hi-^M^-"'" ^""^^ isosceles triangle whose 

stJaioh" ""^^^ ^^^^^ its three sides are"" 

straight, connected portions e> > „ ^ Z ^"^^ ^re 

in shape, a cu-vaturS of ?k ' ^ ^^'^^^ arc 

oreater ^^hfn ! ""PP^^ connected portion e is 

a w??h l^^er connected -portions ? and 

g. With this structure, stress applied to each of ^h! 
connected portions is dispersed, fcrJss section 
performance required for a beam is secur-^ IIT , ' 

riqiditv of rh^ =.,-m • secured, and vertical- 

4.xy.uicy oi tne arm body is enhanced 

cutti na s <;^;^«.' material 30 which is obtained by 

oor-S?s^?-!!-/'? ^ predetermined shaft is bent, 

j-ong^tudma^ly intermediate oortinn - r-o v--- ^Z ^ 

r:^:-?^-?-^ ---- - - --«,^-^ope„e. . 

^r.=..g e in Che longitudinal direction. 

Closer ^-'^ ^"^-^ p""--^- 

Obtained byTut'^gl- "le^'t'^'lt^^^ " - 

ng a steel p^ate 33 -nt^- a i-v-^^-^- 

shace, ard 3 Tr>^^ w " ^ predetermined 

, / ^c....eG into substantia"* *• V C-s^^n^ v-^TrSr^^ 

and the i^^e^af 'S' a-f ^- f ^'ertical rieces 21b. 21b, 

2iw c' -hi"- P=-- vertical oieces 

^1- c. ;.he =jxi_iary me.Tiber 21 are we'-'e- -'^^ ^ 
Sloes vertical C =-es -i-^-^- ^^ ®- -° opposite 

arn-. body merier 20 rhroua-- a ba-<"' no'Jf 1^ -r:e .T.am 
-triangular in cress section • ""^•'^ P-^^^ 35, ana formed 

■-oi"t'~ ^''"''l^ ^^5-10, -he bucket-conn- rt-: on b-ack^- 
is ..ollcw and triangular in cross s^r-^o- - c.acKeu 23 
thereof is ^orm»ri w^rh = cross sector., a rront end 
^n'-^-n^^ \ ^ P^'^ insertion hole 40 a- 

x_ inc. g. ally provided with a triangular 
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connection projection. 

As Shown in Fig. 11, in the main arm body member 2C 
and the bucket-connection bracket 23, longitudinally one 
end opening edge of the main arm body member 20 (arm body 
22) is fitted to a. connection projection 42 of the bucket- 
connection bracket 23 to form a welding groove 43, and 
this portion is welded. A longitudinally one end edge 2jc 
of the main arm body member 20 is thicker than other 
portion 20d so that throat thickness of the weld-joint can 
be secured to obtain sufficient welding depth and welding 
can be carried out strongly. With this structure, even if 
the plate thickness of the main arm body member 20 is 
reduced to reduce its weight, the bucket-connection - 
bracket 23 can be- welded strongly. . * " * 

As shown in Fig. 10, the bucket cylinder bracket 25 
is of U-shape in which a pair' of vertical pieces 44, 44 
are connected with a lateral piece 45, the pair of 
vertical pieces 44, 44 are welded to the arc upper surface 
22a of the arm body 22 as shown in Fig. 12. With this 
structure, the rigidity of the mounting portion of the 
bucket cylinder bracket 25 of the arm body 22 can be 
secure, and even if the plate thickness of this portion is 
thin, it is not deformed by the reaction force of the 
bucket cylinder. 

As shown in Fig. 10, the arm cylinder bracket 24 
includes a mounting portion 50 of the same triangle shape 
as the longitudinally other end edge of the arm body 22, 
lateral plate 51 which is integrally forrr.ed with a lower 
portion of the mounting portion 50, and a pair of vertic: 
pieces 52, 52 integrally provided between the mounting 
portion 50 and the lateral plate 51. 

The mounting portion 50 is integrally provided a 
substantially triangular connection projection 53, the 
lateral plate 51 is integrally provided with a 
substantially U-shaped connection projection 54 which is 
formed with the connection projection 53 continuously, 
shown in Fig. 13, the connection projection 53 is fitted t 
the longitudinally other end opening edge of the arm body 
22 to form and weld a welding groove 55. 

' As shown in Figs. 14, 15 and 16, the connection 
projection 54 of the lateral plate 51 is fitted to the 
notch 34 cf the auxiliary m.ember 21 to form and weld a 

weldi.ng groove 56. 

As shown in Fig. 10, the boom-mounting bracket 2 6 is 
formed into a hollow structure com.prising a lower lateral 
piece 60, a pair of vertical pieces 61, 61 and an arc 
upper lateral piece 62. The pair of vertical pieces 61, 
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arc in shap! hav"; ^''^^ the - upper lateral piece 62 are 
notch 27^?%H ^ ^^^^ curvature as that of the arc 

notcn 27 of the arm body 22, and the upper lateral nt.^f 
62 is integrally provided with an arc con^ectio^ 
pro:ection 64. As shown in Fig. 17, the connection 

---4^ ---^ - .ody 22 

a....aftfe-t^ir.^gr--^^^ 

Sel; ;it str^g^ro^a'c^" ^'^^^'^^ ^^^^^ ^^^-^-^ ^ 
by the rigidity ?n ?he invJrd'3i''^''°'' determined only 
of sides of the Jrianoli p :^^^^^tion of surface of each 

when the base is fixed Jnd t^^ ^^T.^'' ^'^''^ ^"^ 5,- 
is applied to Jhe too iT.J^ ^^"^ ^ ^^^^ ^"ow 

compressing ?o^SJ !s'^;pp!^!d ^r''"''^ - 
base h and the top J wUh efch o^h^ ^^""^J connecting the 
Shrunk and deformed and'a\%'^3Ue";r:natJ'" ' 
the other side k and the s^de k Iv^ 2 5 ^PP^^^d to 

:po^ -e^d'-r^h^" ^irect\:n^^:f :i4:^ef i:^^'^^' 

rioldltylr oLit^ l^tt ^^^^^ 

^ vu.cy xT.gxaity in zne inward direcrion ^ -c 

against the ten<^sio =»r^^ ^ -^^-t-i^eccion tne surface) 

and k is ^e^'l^X^^tJ^l^l^'^ ^^^es , 
direction of the surf--^ rh2 '-^ outward 



v--'--cv.».x(jn or tne surface rhp ri/--;^,-*- ^ — ----^ 

the boom having the ^ - ! ' .t^f/i^^^^^^^ section of 

ztar. that of t.?e £oor"-:av^nn^h section is greater 

section. -a>/.ng ..ne rectangular cross 

the cas^ of%?r:^:;.:!rt"tr the material mechanics, in 
Size Of the ^sl^^l^r^; if "^he 
section can be secu^e-^ eve^ i ^ ' ^^^^-^th of cross 

rectangular or tria^^ulaT" iow^vlr'^^rdf ^ • 
cross section is taken i^to conllde^.^ ^^fornation of the 
above, in the case r.f considerat_on as aescribed 

r^.a--d'rw^.^ -'^ rectangular . cross sectio- -h^ 

■^-y-^-ty of tne ccr'^e- =-h rho -^^.-j-^ - -ct-t-io^., »..ne 

ou-warc direct^" o- ^- --r T-^^! ^^^-^^ty or the side in the 

to reduction of thrcl'a^e^^ht^k^esr "'"''^ 
of the triangular c-oss serr^nn' f!' ':'"^-^as, m the case 
in proportion to a^-H-^-f ' ^^'^ ^-giciity is lowered 

TheLfL^e,^':a.LtIor?r:-^i,::!:'^\^,^- P^-- thinness. 
to_ the reduction in plat;^?^?^ ^L:; ^HV^ t^^^/^' 
t..=nga^ar cross section is smalle- than th!- o1 k 
having a rectangular cross section ^ 

cross section,';:rn ff^re' pUtl 1^ .'^'^ ' triangular 

^i. .he plate thickness is reduced, it 
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is possible to remarkably reduce the def ormat ion of the 
cross section as compareci with the conventional structure 
having a rectangular cross section, and fror. this fact, it 
is possible to reduce the boom in weight. 

Further, as shown in Figs. 3 and 9, since the 
connected portions e, f, g of the two sides are arc 
triangular in cross section, the cross section of the boom 
can be increased and the sufficient cross section 
performance can be secure. That is, as shown with a 
phantom line in Fig. 19, the cross section can be increas'ed 
by inscribing the arc connected portions e, f, g with 
rectangular inner surfaces of a space (height and width of 
the cross section) limited by disposition of the working 
machine on a machine, vi^sual recognition prop"erties of an 

operator and the like. 

Especially when the boom-r.ounting bracket 26 t"o' be 
mounted to the boom is mounted -o the lower surface of the 
arm body 22, if the lateral load ( F2 in Fig-l) or the 
torsion load ( F3 in Fig.l) is applied to a tip end of the 
arm, the lower surface side is closer to the bracket 26 
than the upper surface side, there is a tendency that a 
burden of a load of the lower surface side which is 
shorter in length is greater. Therefore, as described 
above, if the lower surface is formed into a base of the 
triangle, the cross section performance can be exhibited 
mere efficiently as compared wi-h a structure which is 
turned upside down, and che weicht can further be reduced. 
Further, also when the vertical load (Fl in Fig.l) is 
aoolied to such a boom, if the lower surface is the bottom 
surface of the triangle, the cross section performance can 
be exhibited more efficiently- 
Next, a producing method cf the main arm body member 
20 will be explained. 

As shown in Fig. 20, a steel plate is cut into a 
substantially rectangular plate r.aterial "73 which is 
surrounded cv two oocosed long sides 70, 'Z, and two 
opposed short sides 71, 71, the long side t: is formed 
substantially V-shaped at one sice portion "Ca and other 
side portion* 70b, and is the shape that the other side 
portion "^Cfc has the arc notch 72. The thickness of the 
plate material 73 is set such that opposite ends 73a of 
the short sides 71 are thicker than other portion 7 3b. 
Mere specifically, as shown in Fig. 21, bar materials 75 
having' thick portions and thin portions at longitudinally 
one end of the plate 7 4 which is cut into the 
predetermined shape . 

Next, as shown in Fig. 22, using a dice 80 having two 
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a straight surface 80b 
s-.^ace 80c of a large curvature located at -'le c^nr^r r.€ 

twr^^fsu ?;c^:%tr Slf't^fN^"^'"^ connecting 
K-rsi- • ^ ^*ciu^5 oia, bla, the plate .-naterial 72 is 

P^a?e iater?fi^Vt ^ !^ material 72, thereby forming the 
?Ig'23 '""^^ ^ substantially U-shape as shewn in 

ma-eriafv^^ it shown in Fig. 24, a center of the plate 

B ullna the J 2; ^^^P^ ^^=^"9 ^ lending line 

the pj^e L?e"Ta? .r'^ T^""^^^ ^^^^^ ^^^^^t>y- foLing 

S^nce ^hJ s:^rd?ce is'us:d^■^th""""■'"''^ ^^^P^ 
position ! ^ ^^^^ manner, a deviation in 

o^ecJsJL n.n K '^^^^a^^^ an«^ thus-, the bending working 
precision can be secured. ^iv-^-wy 

is set^'of"- rfLf P^^te material 72 

iltJral^v l.H I ' punches 64, 84 are moved 

vertically, thereby bending the plate " 

7C 70 of 'h'"'^? ^ -riangle shape, and tr.e two long s^des 

21 wh?i/ ^^^ted as shown In 

moved along a soace between ^hf.: • "^=--"'5 -°^<=h 85 is 
to weld the butted portion °' -^"^^'-^^ "'^^ 

Since the plate 73 is bent and for--d --.to thA ^-r.^^ 
shape and velded sir.ultaneously - -Vs ^ 
precision of r;-^ w-'d^'na nn--tL~"" " -2^-'-=r, .ne cutt 

ev.™ " w--a.ng portion can be secured. 

2C r.v^ o--"" ---•3-28 (a), (b) , the main ar.r- body -e-be- 

ma-erf:.f ?!' Produced by bendir.g two o^ate 

me^Si: 88 nd '''' k'^^ ^---^ ^ ^^^^cm side 

mc...De.. 88, end joi-zmg both the membe-^ • 

As shown in Fig.29faK (b) the^ n---- k ^ 

2C (arx bocv 22: . Kg nro^-l^V • w ° " ^^"^^ ".eT:ber 

-.= -e-^a^s -~ proceed cy bencmg t.hree plate 

e..a.s ..^ form tnree r.e.Tibers 89, and --•---•nr, -k^ 

me.T-bers 89. '-^ ^-'^ tnree 

When the rr.ain arm body .member 20 ■• = uced -c-^o 

two plate materials as shown in F^cs 28 - ''"'r^,''^'^ ""v'^ 
material 93 is be-- form - ^ •' ^^^^^ 

= --i ^ u ^ i^--ess yo wncse base pcrtic- -is of s-- 

anc: substantia v "-shsnp -r^/^ , ,.1 . ~ ^ '-^ 

„u -a--y , snape, end a cunch 9* -»a"-in -ho --r-v-^ 

- " — ^ >- t..e recess 90. 

As shewn in ~- 3i = ^-^^ - -.i • 

-j.JX, a GiCe ijl is --^'-TS-' l-<r--\« - 

stationary dice 9=i -^tr,,,^ , usj.ng a 

dice 97 having an a-:c iC?4ce'94 "V^^^ ' "^"^^"^ 

is continuousfv So^^ec'ed'to ! ^"^^'-^-'"^^^ which 

9S for ^Ar^-^3^^ CO. .ec.ed to che arc surzace 94, a sc-ira 
for sepa.at.ng tne m.ovable dice 97 frcm the Stationary 
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dice 95, a cushion pad 99, and a cushion pin 100 for 
pushing up the cushion pad 99, A punch 103 having an arc 
surface 102 which is the same as the continuous two arc 
surfaces 94 and 96 is provided with a cam 104 which moves 
the movable dice 97 against the spring 98. When the punch 
103 is in an upper position, the cushion pad 99 is pushed 
up by the cushion pin 100 and is flush with an upper 
surface of the movable dice 97. 

One plate material 105 is bent using the dice 101 
and the punch 103, thereby forming a base side member 88. 
More specifically, the plate material 105 is placed on the 
movable dice 97 and the cushion pad 99, and the punch 103 
is lowered. While' sBJidwiching" th^"^ plate material 105 - 
between the punch 103 and the cushion pad 99, "the punch 
103 is lowered and the cushion pad 99 is lowered, and 
opposite ends of the plate material 105 is sequentially 
bent by an arc portion 94 of the stationary dice 95- 

When the punch 103 is lowered to a predetermined 
position, the movable dice 97 is m.oved by the cam 104 
against the spring 98, the plate rr.aterial 105 is bent into 
a predetermined shape, thereby forming the base side 
member 97 . 

Using a butt-jig shown in Fig. 32, the top side 
member 87 and the base side member 88 are butted and 
penetration-welded. 

The butu-jig includes a body 111 having a V-shaped 
groove 110, a pair of side pushing pieces 112, 112 
provided on left and right opposite sides of the V-shaped 
groove 110 of the body 111, a pair of first cylinders 113, 
113 for moving the side pushing pieces 112, a pair of 
uoper pushing^pieces 114, 114 provided on upper opposite 
sides of the V-shaped groove 110 cf the body 111, a pair 
of second cylinders 115, 115 for -cving the upper pushing 
pieces 114, 114, and a backing material 116 provided alone 
"the V-shaped groove 110 and supported by a supporting 
shaft (not shown) provided on opposite ends cf the body 
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The backing material 116 includes a wa- er-cooling 
-^acke:: '.11 which is opened az an upper surface of the 
backinc material 116," and a lower supporting portion 118. 
A receiving plate 115 is mounted to an upper surface of 
the bac:<ing r-^aterial il6 such as to cover ar. upper portio 
of the water-cooling jacket lH . Cooling water flows 
throuch the water-cooling jacket 117. A welding torch i2 
is movably mounted to an upper portion cf he V-shaped 

groove 110 of the body 111. 

Next, the operation of the penetration-welding will 



"'■^be? 87 and H^' ^^^"^^^^ above, the bent top side 
'-^■-■-nmn! K ^^"^^ 23 butted into a 

riband ^L^K^^!-^'"'' ^'^'^^^^^^^ between the V-shaped groove 
iiU and the backing material 116 y^wove 

t:- center ""L^h^^'^k ^""'^'^^ ^'^"^^ "^<^^ed toward 

^-:^w!^H ; H "PP^^ pushing pieces 114 is moved 

c.-.nward, and one end 87a of the top side -e-be- 87 ^hh 
one end 88a of the ha^c cin^ u -'.e.ucex a? and 

uDoer c;„rf I^! -he base side member 88 are butted -on an 
tcrJ^ t V"^ receiving plate 119. The welding 

portLi "'""""y penetration-welding the butted 



sidewav p.^h / I pushing pieces 112 is moved 
upward tJerebv pushing .pieces 114 is moved 

membir's^ !nH ?H S^"^^"^ ""^^^^ members, the top side 

eJSs 87!'.nH^.« ^^'^ ^'^^ .member 87 to which -the one" ■ 

enas o/a and 88a are w^^'lH^aH ^a^-^ i -3 , ^^i*^ 

shaped groove 110 and ?hf h.^^ ^ """^ between the V- 

tkI fi i ^ backing material 116. 

oK,^ J iotatea, and again inserted between i-h*» v- 

shaped groove Itq anri i-h=. k»Zi,- jJCLween cne v- 

F-a 33 and rhi^^i-K ! '=^"=''^^9 material 116 as shown in 

w^^dedin rhf ^"""^^ are penetration- 

W- '"^''"^^ ^^^^^ described above. 
20 (arm bodv operation', the main arm body member 

further I.^^Jh'''''"'"^ produced. 

member produced °^na';/''*'^^^^ ' "^^^ the boom 

-terial irberrusinnhrdW'^?^^^^^^^ ^^^^ 
ir -^n ^ne aice 91 and the ounch 92 shown 

thr^^'me^e's^ef "^"^^'^^ '''' ^he 

f'-el Dc^^; uSfn^ ?H^^S''^''^'^^-y penetration-welded at 

prodJcL^^cL^b^oS L'Sber""'^ ^^^^^^ 

i,-... po^'i^^^J' Figs. 34 ;a) and (b) , the arm 

c--y 22 rr.ay be formed such that upper co— e-'^H o^^-^ 
ere formed by two arc portions x v \ f" Portions e 

two arc Do^tior«c 7 1 P'^'^^^^^s X, Y, a f^at portion Y and 

o.rcion ?-2 hav-na'J-^nr''^ ^^^-^^^re, and an arc 

Having l^rge curvature. 

==---ecti'""oo?'--;' ^illustrated, all of the three 

above-descnoed shaoe, or lac"" o^- -^e 
-.^.^ectec portions may have different cor.cir..t ion o " 

■••■a 3^^! '"!:''°°'° portion y shewn ir. 

tr.roat deoth of w^t>^ • • unnecessary and the 
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As 3'r.cwn in Fig. 35, the arm body 22 :zhe main arm 
body member 20) may have three sides which bulge with 
large curva-ure R instead of three straight sides- 
Alternately, the three sides may be a combination of 
bulged side and straight side. 

The weld joint and the like are explained on the 
precondition that MAG (Metal ActiveGas) welding method or 
MIG (Metal InertGas) welding method is used, but it is 
possible zz use high energy welding such as laser welding 
and electron beam welding by changing the weld joint. 
When a high energy density heat source is used, the thick 
portions provided on the opening edges 20c of the boom 
front member 20 may be- omitted' so that these portions have 
the same thickness as that of the other portions 20b the 
connection projections 42, 53, 54, 55, 56 and 64 may be 
omitted, and these portion may be- butted and penetration- 
welded . 

The embodiments are described above while taking the 
case of the hydraulic shovel, rhe present invention can 
also be applied to a bucket typ.e excavator having 
different design and to a structure for a working machine 
other than arm in substantially the same manner - 
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CLAIMS 

A structure for a working machine such as an arm of 
bucket type excavator such as a hydraulic shovel, 
wherear. a body (22) is hollow and triancrular in cross 
section 



2. An arm of a bucket type excavator according to clair. 

^''^i'' ^^"^ ^^'^y <22) has a cross section in which" 

three sides are straight, and each of connected portions 
of the two sides is of arc shaoe. po-v.ions 

3. A boom of a bucket type Excavator whose bucket is 
mounted to a tip end side and pivotally supported by a 
boom, wherein the arm body (22) is hollow and triangular 
an cross section. -i. xonyuidr 

4. An arm of a bucket type excavator according zo claim 

tLT.^l^tf' ^""^ ^^"^ '^^^y ^ section in whic^ 

'^^^H. ' =^^^^9^^' «ach of connected portions 

of the two sides is of arc shape. 

T wh^r'^in''rh°^ ^ ^K^'li^^ l^^^ excavator according to claim 

4, wherein the arm body (22) has a substantially t-iangle 
cross section in which a lower surface thereof is ^ 
triangular base side, an upper surface thereof is I t^p of 
tne triangle, and a boom-mounting bracket (26) is ^oi-red 
to a longitudinally lower surface. -Oi...ed 

5' '■^Jtl.V'l I ^'"'''f ""^P^ excavator according to claim 

u;'^;^ ; r^aL ?K ^y^^'^^^^ ^^^^^^^ is jointed to an 

up.^e. surface of the arc connected portion of the two 

7. An arm of a bucket type excavator according to c'aim 

5, Wherein the arm body (22) has a substantially t^^=^;ie 
cross section in which a lower surface thereof ^3^:--^^^ 

the tr_ = ngle, and a bucket cylinder bracke' (25) h 
Domteo to the flat portion of zhe top. 

p'or 7'""' t"""^ °" a bucket type excavator according to claim 
6 or 7, wherein the bucket-connection bracket (23; s 
:cintec to longitudinally one end of the arm body h) 
ano the arm cylinder bracket '.24^ is Pointed to 
^ongitusmally ether end of the a-^ bcc - (22^ 

^"^'^t:^'^ o' ^ structure "for a 'workinc 

bl^!--:' '-y^^ excavator comprising the st^os 

r;v^ a p.ate T.aterial (73) having two long sid'ss 
^ ' ^ ■' r ->/ ana two short s"-^pcr a r ^ /--• «- / 

-i-^'i "---j-cii.^^jLGirin cress s^^t^f^^ = — h 
welding butted portions of the'two lone sidls !7S'r"(73 
tnereby formina a body (22) ' » i'-'., 

clai:n 8, 



rriachine of a bucket type excavator according to 



wherein the body (22) has a cross section in which three 
sides are straight, and ^ach of connected portions of the 
two sides is of arc shape, the body (22) has a triangle 
cross section in which a lower surface thereof is a 
triangular base side, an upper surface thereof is a tip of 
the triangle, and butt-welded portions of the two long 
sides are disposed on the lower surface. 
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